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Abstract-With the invention of Geospatial Information Systems (GIS) and Natural hazard computer models, the role of digital elevation model (DEM) has become very important and effective tools in Geohazard modeling. Flood inundation mapping, landslide susceptibility mapping and wind velocity mapping are examples that effectively employ the DEM and its derivatives as one of the important modeling inputs. On the other hand, satellite based DEMs have been growing rapidly in recent years. There are several sources of DEMs available ranging from very coarse to high resolution which provides geospatial data in different scales. This paper describe the specification and applications of public domain satellite-based DEMs including SRTM and ASTER-GDEM which, are globally free. From several applications, the scope is limited to the application of public domain satellite DEMs in flood potential mapping which is considered a widespread Geohazard. From the result, it was found that several advantages were recognized for public domain satellite-based DEMs including ease of accessibility, elimination of institutional bureaucracy, unlimited coverage, adequate spatial resolution, and more importantly, they are available free of charge.
With the invention of Geospatial Information Systems (GIS)
and Geohazard computer models, the role of digital terrain model (DTM) or digital elevation model (DEM) has become very important and effective tools in analytical Geohazard studies. The DTM is defined as a numerical representation of the terrain. Since Miller and Laflamme [3] who coined the original term, other expressions such as DEM, digital height models (DHM), digital surface model (DSM), digital ground models (DGM) and digital terrain elevation model (DTEM) have been used by Maidment [4] , Djokic and Ye [5] , Vieux [6] and Li et al. [7] . These terms originated from different countries. According to Li et al. [7] the word DEM is widely used in United States, DHM in Germany, DGM in the United Kingdom and DTEM was introduced and is used by united states geological survey (USGS) as well as and the Defence Mapping Agency (DMA). In hydrology and flood modelling, applications of DEM are mainly focused on automate watershed boundary delineation and segmentation, definition of drainage divides, identification of flow length, flow direction and flow accumulation as well as flood inundation depth and areas. In distributed hydrological models, DEM plays a very important role. The DEM and its derivatives including slope, aspect, upslope contributing area, watershed area and curvature are important factors [8] for flood modeling and landslide susceptibility mapping. One of the key characteristic of the DEM is the cell size or DEM resolution. Many researches have carried out to find best suitable DEM cell size for different purposes and different scales. A comprehensive study by Maidment [9] have shown that DEM resolution for rainfall-runoff and flood modeling changes by watershed area (see Table I ).
In theory, the DEM resolution should be selected as a function of the land surface features, scale of the process that are modeled, and numerical model used to model process [10] . But in practice the selection of DEM is often driven by data availability, judgment, test applications, experience and, last but not least, cost [11] . Traditionally, DEM has been generated from digital topographic contour lines or mass points. These methods are still used in some projects. There are some disadvantages for DEM generation based on cartographic products. Non-homogeneity of topographic maps, institutional bureaucracy for accessing the data, edge matching error, dead end and code consistency are the main sources of errors in the traditional method of DEM generation.
Some of these errors are demonstrated in real data collected from the Department of Survey and Mapping Malaysia. For accurate analysis of Geohazards such as flood inundation areas or mass movement, airborne laser technology LiDAR, IfSAR, IKONOS and Spot DEM have been used in several projects. However these technologies are expensive and not accessible for use in all projects.
III. PUBLIC DOMAIN SATELLITE DEMS
The Shuttle Topography Mission (SRTM) elevation data is the first global free satellite DEM released in 2003. The SRTM elevation data have been produced using radar images gathered from the National Aeronautics and Space Administration's shuttle (NASA). The SRTM provides an accurate global elevation model with a vertical accuracy of 6 m and a horizontal pixel spacing of 30 m over the USA and Canada and 90 m outside these regions [12] . NASA released the SRTM dataset in 2003. The SRTM elevation data are available through the internet (http://hydrosheds.cr.usgs.gov). Raw SRTM elevation data includes void or holes ranging from one pixel to regions of 500 km 2 [13] . The existence of no-data in the SRTM-DEM can causes significant problems during derivation of hydrological products, which require continuous flow surfaces [14] . Therefore DEM should be free from voids or holes. Most void areas of SRTM elevation data have been edited and filled in the HydroSHEDS version. However, for some areas voids are still present [15] . In January 2009 Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) global DEM version 1 was released. Three years later, in October 2011, ASTER-GDEM version 2 released with significant improvement in quality. The ASTER-GDEM is a joint product developed and made available to the public by the Ministry of Economy, Trade, and Industry (METI) of Japan and the NASA. It is generated from data collected from the ASTER, a spaceborne earth observing optical instrument. The data are available through the internet (http://gdem.ersdac.jspacesystems.or.jp). ASTER elevation data [16] . Hendricks et al. [17] used SRTM for estimation of channel slope in Amazon watershed. A comprehensive study was conducted by Jarvis et al. [12] to evaluate the SRTM data against the cartographic DEM derived from topo maps at scale 1:50000 for Honduras areas. Tulu [18] assessed the suitability of SRTM-DEM for runoff studies and compared with ASTER-DEM. He observed that daily runoff output of SWAT model when ASTER-DEM was used is higher than when the SRTM-DEM was used. Hancock et al. [19] used 90 meter SRTM elevation data for drainage network and hydrologic modelling. They have found that 90 m SRTM data results in incorrect drainage network patterns and different runoff properties compared to DEM with a high resolution of 10 m. Osorio et al. [20] compared ASTER and SRTM DEMs with DEM derived from topo map at scale of 1:50000 for watershed delineation. In theory, the DEM resolution should be selected as a function of the land surface features, the scale at which the processes are modeled, and numerical models used to model the process [10] .
IV. CLASSIFICATION OF NATURAL HAZARDS
A widely accepted definition characterizes natural hazards as "those elements of the physical environment, harmful to man and caused by forces extraneous to him." More specifically, in this document, the term "natural hazard" refers to all atmospheric, hydrologic, geologic, and wildfire phenomena that, because of their location, severity, and frequency, have the potential to affect humans, their structures, or their activities adversely. Among the natural hazards and possible disasters to be considered are: Natural Hazards can also be divided into catastrophic hazards, which have devastating consequences to huge numbers of people, or have a worldwide effect, such as impacts with large space objects, huge volcanic eruptions, world-wide disease epidemics, and world-wide droughts. Such catastrophic hazards only have a small chance of occurring, but can have devastating results if they do occur.
Natural Hazards can also be divided into rapid onset hazards, such as Volcanic Eruptions, Earthquakes, Flash floods, Landslides, Severe Thunderstorms, Lightening, and wildfires, which develop with little warning and strike rapidly. Slow onset hazards, like drought, insect infestations, and disease epidemics take years to develop [21] .
A. Prediction and Warning
Risk and vulnerability can sometimes be reduced if there is an adequate means of predicting a hazardous event.
B. Prediction
Prediction involves a statement of probability that an event will occur based on scientific observation. Such observation usually involves monitoring of the process in order to identify some kind of precursor event(s) -an anomalous small physical change that may be known to lead to a more devastating event Forecasting Sometimes the word "forecast" is used synonymously with prediction and other times it is not.
In the prediction of floods, hurricanes, and other weather related phenomena the word forecast refers to short-term prediction in terms of the magnitude, location, date, and time of an event. Most of us are familiar with weather forecasts. In the prediction of earthquakes, the word forecast is used in a much less precise way -referring to a long-term probability that is not specific in terms of the exact time that the event will occur C. Early Warning A warning is a statement that a high probability of a hazardous event will occur, based on a prediction or forecast. If a warning is issued, it should be taken as a statement that normal routines of life should be altered to deal with the danger imposed by the imminent event.
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The effectiveness of a warning depends on the timeliness of the warning, effective communications, public information systems and the credibility of the sources from which the warning came [21] .
If warnings are issued too late, or if there is no means of disseminating the information, then there will not be time enough or responsiveness to the warning. If warnings are issued irresponsibly without credible data or sources, then they will likely be ignored. Thus, the people responsible for taking action in the event of a potential disaster will not respond.
This study performs flood potential mapping which can be considered as early warning natural hazard disaster.
V. GIS TOOLS
A GIS companion product has been used to assist in watershed boundary delineation and parametrization. The Geospatial Hydrologic Modeling Extension (HEC-GeoHMS) which is a GIS link for ArcGIS was used to extract physical parameters from DEM. The HEC-GeoHMS has been developed jointly by Hydrologic Engineer Center, Environmental Science Research Institute (ESRI) and University of Texas lead by professor Maidment. HEC-GeoHMS allows visualizing spatial information, documenting watershed characteristics, performing spatial analysis, and delineating sub-basins and streams. Working with HEC-GeoHMS through its interfaces, menus, tools, buttons allows the user to create hydrologic inputs. The current version of HEC-GeoHMS creates a background map file, lumped basin model, grid-cell parameter file, and distributed basin model. The background map file contains the stream alignments and subbasin boundaries. The lumped basin file included hydrologic elements and their connectivity to represent the movement of water through the drainage system.
VI. HEC-GEOHMS FEATURES

A. Data Management
The GeoHMS performs numbers of administrative tasks that help the user manage GIS data derived from the program. The data management feature tracks thematic GIS data layers and their names in a manner largely transparent to the user. Prior to performing a particular operation, the manager will offer the appropriate thematic data inputs for operation, and prompt the user for conformation. Other times, the data
B. Terrain Processing
GeoHMS allows user to perform terrain preprocessing in a step-by-step fashion or batch mode. In the step by step process, the user often has the opportunity to examine the outputs and makes corrections to the data set, as appropriate. However if the user has perform the terrain preprocessing a number of times, then batch processing will allow terrain preprocessing to be performed unattended [21] . In terrain processing, several steps is performed on raw DEM prior to watershed delineation and parametrization including filling sinks, reconditioning and smoothing.
C. HMS Model Support
The emphasis of the watershed delineation, processing and manipulation capability is on flexibility, ease of use, and interactivity. When the subbasin delineation process is done many smaller subbasin can be merging together or larger basin can be split at the user interest point. Fig. 1 . Layout of the study area. A case study was conducted to identify the flood potential zonation in Khorasan Razavi/Iran (see Fig. 1 ). The management feature manages the locations of various projects and also performs error checking and detection [22] . methodology is based on ASTER-GDEM data to delineate watershed boundaries. Fig. 2 , demonstrate the ASTER tiles for the study area. Flood potential zonation was performed by SCS-CN method. The SCS-CN model employs the landuse and hydrologic soil group to derive Curve Number (CN). The initial CN values were adjusted with the terrain slope derived from the optimized ASTER-GDEM (see Fig. 3 ). Flood poetical maps were generated based on 1 hour frequency storm with return period of 25 years. This period is sufficient to recover the flood damages by the local insurance companies. To account the maximum flood potential for the study area, CN values were calculated for wet condition. And initial abstraction ratio was considered to be 0.005.
VII. CASE STUDY
Final flood potential map was classified in five quantitative classes (see Fig. 4 ). 
VIII. CONCLUSION AND REMARKS
Digital elevation model is one of the main inputs in Geohazard studies specifically in semi and fully distributed hydrological modelling. Cell size is a key characteristic of the DEM which denote its capability for spatial modelling. Recently, rapid growth of earth observation technology has facilitated Geohazard researches. Particularly, public domain DEMs provide valuable information for different areas of research and studies. By using satellite DEM data it is possible to study flood potential zonation, flood inundation mapping, landslide susceptibility, snowmelt modelling and many other Geohazards effectively. Using satellite data eliminates institutional bureaucracy, access to data at the border of neighboring countries, edge matching and code consistency. The satellite DEM data is easy to access and very cost effective.
